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Introduction

The Cenozoic in Southwestern Japan may be divided into three geo-
logic provinces, namely the Inside Geologic Province on the Japan Sea
side, the Setouchi (Inland Sea) Province in the middle, and the Outside
one on the Pacific side. The Setouchi Geologic Province roughly occu-
pies the middle zone between the present mountain ridge of Chiigoku
District and the Median Dislocation Line. It includes Central Kyshd,
the Inland Sea (Seto-naikai) and its environs, and central Kinki District,
extending eastwards to the Shidara basin in Aichi Prefecture. In the
Setouchi Province, occurrence of ‘‘sanukitoid ’’, an aphanitic lava chara-
cterized with minute equigranular hypersthene crystals has been noted
by some petrologists in relation to the problems of foreign contamination
in these sanukitoid lavas. The type of sedimentation in the area was
quite different from those of the Inside and Outside geosynclines. This
fact has made it difficult to correlate stratigraphically the strata deposited
in the area. Most of them were deposited in the inland sea or in fresh
water lakes formed during Neogene on the basement mostly composed
of granitic rocks. This paper includes an outline of the history of Ceno-
zoie voleanism in the Setouchi Geologic Province with those in the Inside
and Outside provinces in Southwestern Japan (Table I and Fig. 1).

1) K. Suci, Bull. Vole. Soc. Japan, 4 (1938), 17-33 (in Japanese).
R. Morimoro, Proc, 7th Pacific Sci. Cong., 2 (1953), 302-307,
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Table I. Correlation table of the Cenozoic formations in
Southwestern Japan.
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1. Late Palaeogene crustal movements and the beginning
of the Cenozoic volcanism in Southwestern Japan
—Oligocene (E)? to the early Miocene (F,)—

The rocks representing the volcanism of this period are a little
alkaline acid voleanic rocks recently reported from many localities;
such as lithoidite-nevadite association belonging to Futomiyama group®
in Toyama Prefecture, most of the liparites and quartz-porphyries
distributed on the ridge of Chiigoku District, the anorthite-liparites
found from the base of the green tuff in Téhoku District, etc. From
Oligocene (E) to early Miocene (F,), Japan had been a theatre of crustal
movements: the Japan Sea and Fossa Magna were formed; the difference
between structural features of Southwestern Japan and those of North-

2) N. IKEBE, Jour. Polytechnics, Osalka City Univ. Ser. G, 1 (1954), 73-86.
3) Oral Communication from Prof. N. ITkebe and Mr. T. Matsumoto of the Division
of Geoscience, Institute of Polytechnics, Osaka City University.
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Fig. 1. Palaeogeographic maps of Southwestern Japan in the later Miocene (A)
and in Plio-Pleistocene (B).
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eastern Japan became distinctive; and the first remarkable volcanic
activity in the Cenozoic era took place along with these movements.

II. Eruptions of ““green tuff”’ and the birth of the 1st Inland
Sea (Dai’ichi Seto-naikai) —Middle Miocene (F,-F,)—

After the movements of E-F, age the sea extended over the Japa-
nese islands, and the geosyncline was formed in the area including the
greater part of Northeastern Japan and the Inside Province of South-
western Japan. The thick formations composed of lava flows and pyro-
clastics called ‘‘green tuff” were deposited on the base of this geo-
syncline. As a whole, the rocks erupted during this “green tuff ”’
activity which are locally different in their petrographic characters may
be divided into two groups, the tholeiitic basalts-andesites of F, stage
and the dacites-liparites of F, stage®. They had been usually altered
by hydrothermal solutions remarkably into one of the most important
country rocks of Japanese mineral resources. Many replacement deposits
of copper, zinc, and lead and many gold-silver-quartz veins are ‘worked
in them.

In middle Miocene, transgression of the sea along the median zone
of Southwestern Japan progressed to form an inland sea spreading in
the E-W direction there. This is the 1st Inland Sea (Dai’ichi Seto-
naikai). Sediments of Mizunami, Fujiwara, Shikai groups, ete., were
deposited in the shallow sea. Mizunami group” distributed in Gifu Pre-
fecture is one of the most representative sediments deposited in the 1st
Inland Sea and contains Vicarya yokoyamai, Vicaryella ishiina, Miogy-
psina kotoi, Operculina complanata japonica, ete. These fossil fauna
are characteristic to F,~F, stage of Japanese Islands. Desmostylus
japanica also was found in this group.

The volcanic rock representing the volcanism of green tuff ”’ in
the Setouchi Province is the propyrites of Usa group in Central Kyishd.
No other remarkable voleanic activities were found in this period. The
only thing to indicate a trace of voleanism is the tuff beds intercalated
in the above-mentioned formations.

In the Outside Province, geosyncline was formed during this period
where the formations belonging to Miyai and Miyazaki groups were de-
posited. No traces of volcanic activity were found in these sediments.

4) Ibid. 3).
5) K. HUzITA and S. OGOSE, Jour. Geol. Soc. Japan, 56 (1950), 482-492 (in Japanese).
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III. Activity of Setouchi Volcanic Series —Later Miocene (G)—

The 1st Inland Sea had changed to a range of fresh water lakes
owing to deposition of sediments or to upheaval of the land. In these
lakes were deposited the formations of Nijd, Kobe, Uchinomi, and Nozu-
haru groups composed mainly of the pyroclastics supplied by the activity
of the so-called Setouchi Voleanic Series®. These formations contain
plant fragments only as their fossil remains and no other palaeontological
data available to determine their geologic age have been found. The
writers however plot them to Upper Miocene (G) on the correlation
table (Table I) based upon the following geological evidences”: a)
These formations were deposited successively on the sediments of the 1st
Inland Sea and are overlain unconformably by the formations of the 2nd
Inland Sea (Daini Seto-naikai) and b) the fossil flora contained in the Kobe
group may indicate upper Miocene age.

The activity of the so-called Setouchi Volcanic Series began with
effusions of rhyolites or pitchstones followed by outflows of biotite-ande-
sites, hornblende-andesites, and pyroxene-andesites and finished in ex-
trusions of aphanitic lavas of hyperthene-andesites or dacites called
“ sanukites ’’. Petrographically they are andesites-dacites of calc-alkaline
series and belong to ‘ hypersthenic rock series ’®. As indicated in the
diagram (Fig. 2) chemical compositions of the lavas intercalated in the
Nijé group are plotted nearly on the B-A-D-R Line of Daly’s average
compositions of the world basalt-andesite-dacite-rhyolite. Eruption of
Setouchi Volcanic Series took places side by side in the five volcanic
centres such as Shidara in Aichi Pref., Yamato in Nara and Osaka
Prefs., Sanuki in Kagawa Pref., Iyo in Ehimé Pref., and Bungo in Oita
Pref., which are arranged at intervals of about 100 km distance along
the Median Line. These centres of activity accord with the situations
of the fresh water lakes formed in later Miocene and with the warping
axes of the Pleistocene-Recent movement in this region. The structural
unit with an area of 100 kmx100km and 30-50 km in depth is revealed

¢

6) The term ‘volcanic series” differs in meaning from ¢ volcanic zone’’ or ‘‘ magma
series’’. It contains a time-concept in addition to geographical distribution of volcanoes.
It means the distribution of a group of certain volcanoes in space and time. Thus, Seto-
uchi Volcanic Series in this paper includes only the volcanic rocks erupted in Setouchi
Province during G-stage.

7) R. MORIMOTO, et al., Jour. Geol. Soc. Japan, 58 (1952), 342-343 (in Japanese).

H. KuNo, Trans. New York Acad. Sci., Secr., [ii], 14 (1952), 225-231.

8) H. Kuno, Bull. Geol. Soc. Amer., 61 (1950), 957-1020.
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Table II. Chemical composition of the lavas erupted from
Nij6 volcano near Osaka in G-stage.*

Constituents [ NN NN NN N
SiO; | 6150 | 6172 I 60.19 | 61.67  64.55 | 64.58 | 70.52
ALO; 17.52 | 19.18 | 17.29 = 17.92 = 16.73 | 18.05 = 13.48
Fe.0; ( 0.77 0.5 | 147 | o041 | 3.04 234 1.36
FeO 470 0 411 377 | 391 - 137 073 0.4
MgO 274l 202 0 200 0 152 | 137 . 0.87 ,  0.58
Ca0 ' 5.31 5.59 ' 5.49 | 477 | 388 | 5.02 | 2.63
Na.O 2.22 2.65 | 3.41 | 3.00 3.78 | 2.60 | 2.08
K0 1.88 199 | 185 242 252 223 2.9
H.0 (+) 1.96 045 | 2.8 @ 0.87 1.33 1 0.58  4.27
.0 () 0.37 0.2 049 = 0.5 0.9  1.69  0.98
TiO, 0.81 0.62 070 | 0.60 = 0.58 | 053 ' 0.16
P,0; 0.20 018 | 012 018 S0z 0z o 0.18
MnO 0.13 0.10 | 0.07 | 011 | 0.08 0.03 | 0.02
Co, : | 1.66 | {

? | P - -
Total 100.11 | 99.47 | 99.71 | 99.57 | 100.31 . 99.50 . 100.14

* Garnet crystals are spersely contained in all of these lavas.

Ni: Hata-lava, porphyritic hypersthene-andesite.**

N,: Kasugayama-lava, sanukite, an aphanitic hypersthene-andesite**,

N3: Kbotoku-lava, sanukite, aphanitic hornblende bearing hypersthene-andesite,
Anal. J. Ossaka, Earthquake Research Institute.

Ni: Ishikiriba (quarry)-lava, garnet-biotite-dacite, Anal. S. Tanaka, Earthquake
Research Institute.

Ns: Odake-lava, aphanitic hornblende bearing hypersthene-dacite, Anal, J. Ossaka,
Earthquake Research Institute.

Ng: Mpydjinyama-lava, hornblende bearing hypersthene-plagioliparite**

N7: Rokuyaji-lava, biotite-pitchstone (Y. KAWANO, Rep. Geol. Swurv. Japan 134
(1950), 1-29 (in Japanese).)

** The anylyses were performed by Tama Kushida of the Geological Survey of
Japan under the auspices of the Earthquake Research Institute for one of the
writers (R. Morimoto). He expresses his sincere thanks to Dr. Yoshinori Kawano,
Chief of the Geological Department of the Geological Survey of Japan for his
kind instructions throughout these analyses by T. Kushida. His sincere thanks
are also due to Mr. Joyo Ossaka and Mrs. Tama K. Suyama for their elaborate
chemical analyses.

in the recent crustal deformation and seismic activities in this region®.
The Inside Zone subsided greatly in the later Miocene to deposit

thick strata of black shale in its basin and was in a comparatively calm
state, though there occurred eruptions of andesites and deposition of

9) H. KAwASUMI and Y. SATO, Spec. Bull. Earthy. Res. Inst., 5 (1947), 1-36 (in
Japapese).
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Table III. Chemical composition of some lavas from Muroo vol-
cano, Mt. Mikasa, Central Kinki District, and from minor
volcanic bodies near Osaka.

Constituents | M; M l M, | s s ss | s
Si0, 72.55 | 71.15 | 57.42 < 51.72 | 52.40  57.24 | 64.02
ALO; 1317 | 13.03 | 16.79 | 15.71 | 16.94 = 15.31 | 15.42
Fe.0, Co1s 1.15 2.10 ‘ 2.15 | 2.23 182 | 178
FeO . 0.88 | 1.43 522 . 5.65  5.55 4.81 = 243
MgO ©0.61 | 0.53 4.49 ‘l 9.89 7.65 7.52 | 4.45
CaO i1.19 0 1.28 6.39 | 7.8 = 7.69 5.7 . 2.93
Na.O . 2.87 | 3.28 2.96 . 2.74 2.45 291 3.45
K-0 397 423 | 218 | 0.79 1.15 146 2.57
HO (+) 148 |  2.63 1.65 | 230  1.06 176 | 2.32
O (=) | 0.97 0.32 0.36 | 0.8 , 1.0 0.39 = 0.38
Ti0, 0. \ 0.27 0.73 | 058 | 1.0l 054 | 0.2
P.O; 0.0 0.17 0.0t | 0.07 0.16 018 . 0.04
MnO - 0.05 0.05 0.11 | 014 015 0.1l 0.09

. P e B - -
Total ©99.92 | 99.52 | 100.44 | 100.45 = 99.49 | 99.76  100.30

i

M.: Hypersthene-biotite-liparite from Kochikei, Muroo, Mie Pref., Anal. J. Ossaka,
Earthquake Research Institute.

M,: Hypersthene-biotite-liparite from Hayama, Tsugeno, Nara Pref., Anal. J. Os-
saka, Earthquake Research Institute.

M;i: Augite-hypersthene-andesite from Mt. Mikasa, Nara, Anal. J. Ossaka, Earth-
quake Research Institute.

S;: Augite-olinine-basalt from Mt, Shigi, Nara Pref., Anal. J. Ossaka, Earthquake
Research Institute.

S,:  Olivine-augite-basaltic andesite, Shibayama, Kokubu, Osaka Pref., Anal. T.
Kushida, Geological Survey of Japan**.

S;:  Olivine augite-hypersthene-andesite from Shionomiya near Nagano, Osaka Pref.,
Anal. J. Ossaka, Earthquake Research Institute.

S,: Biotite-quartz-hypersthene-andesite, a hybrid rock, from Terayama, Minami-
kawachi, Osaka Pref., Anal. J. Ossaka, Earthquake Research Institute.

the pyroclastic sediments such as Omori group. These volcanic rocks
also are of hypersthenic rock series as those of Setouchi Volcanic Series.

IV. Period of peneplanation —DPliocene (H)—

The Miocene sea had regressed from the Inside and Outside pro-
vinces in Pliocene age and left there local sedimentary basins. The 1st
Inland Sea also had quite disappeared; deposits of the 1st Inland Sea
were eroded with the basal granitic rocks to form peneplains. An event

10) T. TomiTA and E. SAKAIL, Jour. Geol. Soc. Japan, 45 (1938), 529-531 (in Japanese).
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of this age were the eruptions of Muroo welded tuff that took place
on the Central Kinki District and covered an area of about 28 km in
EW and 15 km in NS. The Muroo volcanic rocks are a little alkaline
plagioliparite sometimes containing anorthoclasses (Table II).

In the Outside Province, Kumano Acidic Rocks intruding into Miyal
group (F.-F,;) are notifiable. The liparites containing potash felspar
played an important réle in its activity and formed welded tuff locally.
Eruptions of the acidic rocks may be considered to have taken places
probably in late Miocene or in Pliocene.

In the Inside Province, sediments of Pliocene are locally distributed
such as Himi group in Toyama Pref., Matsue formation in Shimané
Pref., ete. Eruptions of alkaline olivine-basalts, trachytes, alkaline rhyo-
lites took places on Oki island in this age'™. Trachyandesites and a
little alkaline liparites extruded from the coast of San’in District'™.

V. Appearance of the 2nd Inland Sea —Plio-Pleistocene (I)—

Present shape of Japanese islands were formed in this stage. In
the Setouchi Province, the 2nd Inland Sea (Daini-Seto-naikai) was widely ex-
tensive including the present Inland Sea, Central Kinki, and Central Kyishii.
Formations of Osaka, Akashi, Oita groups, etc., are the deposits in the
Sea. Metasequoia, Glyptostrobus, Liquidambar, ete.,’® are found in the
lower portion of these formations (I,).with Stegedon alkashiensis. Stego-
don orientalis, Elephas naumanni, ete., are found in the upper portion
(I). As the volcanic rocks related to this stage, some of the Tsukushi
lavas in Central Kyasha'”, Kankakei lavas of Shoédo island, Kagawa
Pref.”, and pyroxene-andesites of Mt. Mikasa, Nara Pref.'>, may be
pointed out. In association with these andesites, olivine-basalts or dole-
rites are found. The basalts and its derivatives are distinctive in com-
position from those of upper Miocene (Fig. 2 and Table III).

VI. Volcanoe of San’in and Ryikyti Volcanic Zones
—Pleistocene (J) to Recent (K)—

The present Inland Sea had retired from the drama of voleanism
and Central Kyishii appeared on the stage instead the former. In Pleisto-

11) T. ToMITA, Jour. Shanghai Sci. Inst., 11 (1933), 37-146.

12) M. MUKAE, Jour. Sci. Hiroshima Univ., Series C., 1 (1954), 51-60.

13) K. Hvzrta, Jour. Polytechnics Osaka City Univ., Ser. G, 2 (1954), 75-85.
14) GEOLOGICAL SURVEY OF JAPAN, 1:500,000 Geological Map ‘‘ Fukuoka ’ (1951).
15) GEOLOGICAL SURVEY OF JAPAN, 1:75,000 Geological Map *‘ Saidaiji’’ (1934).
16) S. KokKAwa, Jour. Geol. Soc. Japan, 60 (1954), 487-493 (in Japanese).
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Na20+ K20 Mq0

Fig. 2. FeO-MgO-Alkalis ratio of some lavas from the Setouchi Geologic Pro-
vince. Nj-N;: Lavas erupted from Nijoé volcano in G-stage, M;-M.: Liparites
from Muroo volcano, M;: Pyroxene-andesite from Mt. Mikasa, S;-S;: Basalts and
andesites erupted from the minor volcanic bodies near Osaka in I-stage, --plotted
in the area O surrounded by a broken line: Andesites from Otozan, Shodoshima,
Kagawa Pref. (M. YAMAGUCHI, Sei. Rep. Geol. Inst. Kyushu Univ. 3 (1951), 105~
126 (in Japanese).), FeO*: Total iron oxides, sesquioxide being recalculated as fer-
rous oxide and added.

cene, Futagoyama, Unzen, Yufu, etc., in Central Kyiishii and Daisen,
Sanbe, Aonoyama, ete., in the Chiigoku District were formed. Main
activity of these volcanoes belonging to San’in or Daisen Volcanic Series™
was following by the activity of the volcanoes of the Ryikyd Zone;
somma volcanoes of the great calderas began to outbreak™. After
remarkable collapse-calderas formation characterized by extensive welded
tuff distribution around them, central cones were formed in them in

17) T. KASAMA, Jour. Polytech. Osaka City Univ., 1 (1954), 59-67.
18) T. MATSUMOTO, Jap. Jour. Geol. Geogr., 19 (1943), Special Number.
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Recent age which are still active now. Besides the activity of the above
two voleanic zones, olivine-basalt magma and its derivative erupted to
form many small voleanic bodies in the Inside Province represented by
Genbud6 basalt in Hybégo Pref., ete.

Through the history of volcanism mentioned above it may be noticed
that voleanic activity takes place in intimate relation with the develop~
ment of sedimentary basins.

In conclusion, the writers wish to have an opportunity of express-
ing their sincere thanks to Prof. Nobuo Ikebe and Mr. Takashi Matumoto
of the Osaka City University for their kind suggestions throughout this
study. They also wish to acknowledge that a part of the expenses
necessitated by this study have been defrayed from the fund for Scientific
Research from the Ministry of Education of the Japanese Government.
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